Regeneration of adult plant material is one of the main limitations for successful Prunus 11 rootstock transformation. Results herein show that a liquid pulse (90 min) of 2,4-D (1.7 12 µM), applied to leaf explants, greatly improved shoot regeneration in Marianna 2624 13 (Prunus cerasifera x munsoniana) and Myrobalan 605 AD (P. cerasifera); and induced 14 roots in Adafuel (P. x amigdalo-persica) when placed in regeneration medium. Whole 15 leaves and basal leaf explants of Marianna 2624 regenerated shoots in a higher 16 proportion of explants after the pulse (up to 58.9% in whole leaves) than medium or tip 17 leaf segments, whereas the leaf tip was the explant that showed less regeneration. In the 18 regeneration medium, in the presence of BAP, NAA was more effective than 2,4-D. The 19 application of an auxin pulse is a simple method that could enhance adult plant 20 regeneration in commercial rootstocks. 21 22
Introduction 27
Regeneration of stone fruit trees is usually difficult to achieve and, while success has 28 been obtained using juvenile tissues, few reports exist from mature plants (Scorza et al., 29 1995a ). On the other hand, biotechnological gene transfer in fruit trees is a convenient 30 technique, since conventional breeding methods find frequent endogenous barriers to 31 interspecific hybridization that make difficult gene interchange between species (Perez 32 The pulse treatment in Myrobalan 605 AD basal leaf explants showed a similar 132 positive effect on shoot regeneration that reached a 12.5%, more than 3-fold that of 133 control explants. However, this effect was not found in medium-or tip-leaf explants 134 (Figure 2, middle), and these differences were not statistically significant (Table 1) . 135
Adafuel regenerated more roots after the induction treatment, being in basal 136 explants more than 3-fold that of the control, in a similar way as the previous 137 rootstocks, and this effect was statistically significant (P< 0.05) (Figure 2 bottom, Table  138 1). Treated basal leaf explants regenerated more roots than medium or tip leaf explants, 139 but these differences were not statistically significant. However, shoot regeneration was 140 not obtained, in contrast to Marianna 2624 and Myrobalan 605 AD. Adesoto 101 141
showed, as Adafuel, only root regeneration, but in a small rate (1 basal and 2 medium 142 regenerated leaf explants when the pulse was applied, and only 1 basal leaf explant in 143 the control). 144
Regeneration was not affected by the leaf age, since no differences between the 145 leaves taken from a shoot were noticed in both, shoot or root regeneration. Most of the 146 differentiated adventitious buds developed into normal shoots that were excised and 147 successfully micropropagated in a MS multiplication medium, and then acclimatized 148 and transplanted to soil, where regenerated plants were indistinguishable from mother 149 plants (Figure 1, C-F) . 150
The hormonal composition of the regeneration medium greatly influenced 153 regeneration after the pulse treatment. Marianna 2624 yielded the highest regeneration 154 rate (58.9 %) when whole leaves were placed on regeneration medium with NAA and 155 BAP (Figure 3, top) . Both, the hormonal composition of the regeneration medium and 156 the type of leaf explant had a significant effect on shoot regeneration for this rootstock 157 (Table 2 ). The NAA + BAP medium was more effective than the 2,4-D + BAP medium, 158 giving higher percentages of regeneration in all leaf explants, and these differences were 159 statistically significant (P<0.001). In addition, whole leaves and basal explants 160 significantly regenerated more shoots than medium and tip leaf segments (P<0.001). 161
Myrobalan 605AD leaf explants regenerated shoots from whole, and basal-leaf 162 explants, in both regeneration media, and from medium-leaf explants in 2,4-D + BAP 163 medium. However no shoot regeneration was obtained from tip-leaf explants (Figure 3 The type of leaf explant used affected regeneration rate when a pulse was used, being 201 the basal part, including the petiole, the most reactive leaf part for both shoot and root 202 regeneration. Whole leaves and basal leaf explants showed a significantly better 203 regeneration than medium or tip leaf explants. In addition, basal treated explants 204 regenerated more shoots than medium or tip leaf explants in Marianna 2624 and 205
Myrobalan 605 AD, as well as roots in Adafuel, but these differences faded when 206 comparing control explants, suggesting that basal tissues in the petiole area were 207 stimulated by the auxin pulse more than other leaf tissues. Care has been taken to avoid 208 the inclusion of meristematic cells, from developing axillary buds next to the petiole, 209 when the leaf explants were obtained, therefore, regeneration took place exclusively 210 from leaf tissues. However, no statistically significant differences between leaf 211 segments were found in the first experiment, indicating that more experimental work 212 would be needed to clarify this effect. Other reports have described higher regeneration 213 from basal explants, being the proximity of the petiole or the petiole itself the most 214 morphogenic part (Antonelli and Druart, 1990; Druart, 1990a; Escalettes and Dosba, 215 1993; Yepes and Aldwinckle, 1994). In contrast, Sarwar and Skirvin (1997) described 216 in apple that mid leaf segments regenerated better than basal explants, showing tip 217 explants the lowest regeneration rate, and they suggested that it could be related to the 218 presence of two cut surfaces in mid segments that could increase the absorption of 219 media components. However, this effect was not found in our conditions, where shoots 220 arose from callus tissues that were in contact with the culture medium. A gradient on 221 shoot regeneration capacity was described in apple by Welander (1988) who found the 222 lowest regeneration in the tip, increasing towards the base. In our work, a gradient onthe regeneration competence cannot be concluded, since no significant differences in the 224 regeneration rate were found between the treated explants. The second experiment of 225 this work, which confirms the positive effect of the auxin pulse, showed that whole 226 leaves and basal leaf explants of Marianna 2624 regenerated significantly more shoots 227 than medium or tip leaf segments. But whole leaves have performed better than basal 228 leaf explants, suggesting a possible detrimental effect of wounding or a beneficial effect 229 of the presence of a higher amount of leaf tissues. Both, whole and basal leaf explants 230 exhibited high variability (Figure 3 of this work all leaves from each donor shoot were used and no effect of leaf age on 240 regeneration were noticed, which suggests that the competent plant material is not 241 restricted to the youngest leaves when the 2,4-D pulse is applied, increasing the explant 242 availability. 243
The role of auxin in regeneration has been stressed here, both in the pulse 244 treatment and in the regeneration medium, NAA being an effective auxin when 245 combined with BAP after the 2,4-D pulse. However, the presence of 2,4-D in the 246 regeneration medium decreased the regeneration rates obtained, suggesting that 2,4-D is 247 effective only as a pulse treatment to stimulate the start of the morphogenetic response. available to account for this fact since the same plant material and the same protocol 254 was applied to these genotypes. 255
We have found here that the growth regulators combination in the regeneration 256 medium, combined to the auxin pulse, was competent for Marianna 2624 shoot 257 regeneration, with regeneration rates that suggests the possible use of this protocol for 258 biotechnological applications. Nevertheless, in spite of the positive effect of the auxin 259 pulse on regeneration, the protocol is not applicable yet to other rootstocks to get 260 satisfactory regeneration rates, so more work is necessary in these rootstocks to fit their 261 requirements. The auxin pulse can easily be adapted to other existing protocols to study 262 its possible beneficial effect to expand the use of biotechnology to adult stone-fruit trees 263 in a similar way as it was done with juvenile tissues, where the expression of genes for 264 agricultural traits has been performed (Scorza et al., 1995b) . 
